The dynamic response of the floater blanket with the MP 2 PTO system can be described by a set of motion equations for multi-body systems. We consider that, as the incident waves interact with the floater blanket, each floater element moves along three degrees of freedom with one rotational (pitch) and two translational (surge and heave) displacements. The corresponding displacements and forces on each floater element can be obtained by solving the well-known Cummins' equation expressed below:
where M f are the components of the generalized mass matrix of the floaters; M ∞ is the infinite-frequency added mass matrix; and X f = [x f , z f , θ f ] T is the displacement vector of 117 the floaters, whose elements represent the surge, heave and pitch displacements respectively.
118
The second term on the left side is the convolution integral that represents the resistive force 119 on the body due to wave radiation, where K r is the radiation impulse response function;
120
F ext is the wave excitation force vector; F B is the net restoring force vector due to buoyancy;
121
F ν is the viscous damping force vector; F f r is the internal force vector between the rod and 122 the floater; and F ic is the interconnecting force between floater elements.
123
The inviscid hydrodynamics, i.e., F ext , are calculated by using linear coefficients. The con- pointed out that the estimation of the drag term was negligible when modelling an array of 131 heaving buoys on a fixed platform; hence, we neglect the viscous terms in the present model.
132
The pistons have only one translational degree of freedom in the heaving direction. Since there will be a control function in the MPP design concept to guarantee that selected pistons can move synchronously, a lumped model is used to describe the motion of the pistons. This means that equivalent piston masses and equivalent cylinder areas are used in the model and will vary according to the piston combinations during the simulation. The motion of a piston is governed by the following equation:
where m p is the equivalent mass of the piston combination; z p is the displacement of the 133 piston; F rp is the internal force between the rod and the piston; and F p is the pumping 134 force, which is a function of the area of the cross section of the cylinder and the dynamics 135 of the piston. F f is the viscous friction force between the piston and the cylinder, which 136 can be obtained by solving the elastohydrodynamic lubrication (EHL) problem (Vakis and 137 Anagnostopoulos, 2016).
138
The pumping force F p can be calculated by Eq. (3) during the upstroke, but becomes zero during the downstroke and is described by
where A cc is the equivalent closing area of the cylinders; p L is the hydrostatic pressure at 139 the bottom of the lower reservoir; L c the length of the cylinder; and L U is the water depth 140 of the upper reservoir.
141
On the other hand, for the viscous friction force F f , we consider a simplified formula based on the Couette flow assumption given by
where µ is the dynamic viscosity of the fluid; R p is the radius of the piston; H p is the height of the piston; and S p is the piston-cylinder separation. This is a valid approximation when 143 the interface can sustain a lubricant film at all times (except at the bottom and top dead 144 centres) as discussed in the EHL model for a properly selected lubricant.
145
Since the mass of the rod is much larger than the mass of the piston, the rod is considered
146
as an individual mass body with constant spring and damping coefficients. The upper part
147
(immersed in the sea water) allows three degrees of freedom and the lower part (hidden in the 148 upper reservoir and the cylinders) moves only in the heaving direction. With the additional 149 motion equations of the rod, the internal force (vector) can be obtained.
150
In the pumping system, due to the significantly large hydraulic head difference between the upper reservoir and the lower reservoir, the pumping force can be very large during the upstroke, which essentially dominates the motion of the piston and strongly influences the motion of the floater via the rod. A discontinuity occurs during switching between the upstroke and the downstroke of the piston. The discontinuous pumping force may reduce numerical stability and introduce non-physical vibrations in the system response. To avert these problems, Vakis and Anagnostopoulos (2016) introduced exponential growth and delay terms to calculate the mass of the fluid column. In this paper, we consider, instead, that the opening and closing of the piston flaps are functions of the relative velocity between the piston and the surrounding fluid, and assume that the variation rate of the closing area of the cylinders is proportional to the velocity of the piston; hereby, the equivalent closing area A cc of the cylinders is expressed asȦ
where α is an empirical coefficient, that can be estimated by experimental data. In this 151 work, we let α = 18 during the upstroke and we let α = 1800 during the downstroke, the 
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As experimentally observed in van Rooij et al. (2015) , the mechanical efficiency of the pumping system is quite high (near 99%), while the volumetric loss of the proof-of-concept pumping system (including the losses of the check valve, piston valve and through the cylinder and piston separation) ranged between 35% and 40%, which essentially dominated the power loss. The leakage due to the piston-cylinder separation will be small in the full scale pumping system, which was investigated in the EHL model (Vakis and Anagnostopoulos, 2016) . Further experiments are required to validate these findings and to calculate the total volumetric loss with high accuracy. Since the present work aims to prove the MPP concept rather than quantify the energy output of the full device, it is decided to disregard the volumetric losses in this numerical model. Alternately, instead of the produced power, the pumping power (Eq. (6)) and the pumping energy (Eq. (7)) are used in the discussion in the following. The pumping power is calculated by the general formula
and integrating the pumping power over a period of time t, yields the pumping energy
The leakage and volumetric losses will be assessed by our ongoing large-scale MPP experi-176 ments and accounted for in an upgraded numerical model.
177
The initial displacements of the floaters are set to their equilibrium positions in still water, The capture factor (also known as the capture width ratio) is commonly used to assess the performance of WECs (Renzi and Dias, 2013) . It is defined as the ratio between the capture power of the device and the power of the incident wave per unit width of the device, i.e.,
where P m is the mean captured power over a wave period, with P m (t+T ) = As previously mentioned, the experimental study of the SPP system was carried by van 
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The oscillations occur at the switching instances between the upstroke and the downstroke, The amplitude of the displacement is consistent between models, but the time variation be shown in the following section, the diffraction and radiation effects may significantly influ-270 ence the dynamics of the floater elements and the energy extraction for short-period waves.
271
These should be carefully calculated, and, thus, the SPP model is not applicable in this case.
272
Finally, the effect of the fluid friction in the dynamics of the pumping system is found to be is used to illustrated this adaptability and demonstrate the validity of the MPP concept.
285
According to our numerical testing, we initially design an MPP unit of three pistons with 286 different masses and radii, whose parameters are outlined in Table 1 . Based on the current Table 2 . Corresponding to the selected set, the equivalent 289 mass of the piston in the model is altered according to Table 2 , and the pumping force is 290 calculated by using the equivalent area during the simulation, which will result in a different 291 dynamic response of the multibody system. By selecting the optimal piston combinations 292 to deal with the varying incident waves, the MPP unit is expected to extract more energy 293 Table 2 : Seven piston combinations in an MPP unit (0 = inactive and 1 = active in the piston combination); furthermore, m p is the equivalent mass of the pistons and A c is the equivalent area of the cylinders. the coupling mechanism to the dynamics of the system is assumed to be negligible; this is 295 necessary, pending the finalization of the mechanism's design.
296
To demonstrate the potential of an MPP unit, a set of simulations with the seven different 297 possibilities stated in Table 2 is carried out with a wide range of wave periods and wave 298 heights. The mean power over one wave period and the capture factor of the WEC are 299 calculated in each simulation. Accordingly, these results are expressed in matrix form,
300
showing the power factor capture C F as a function of the wave period T and wave height H,
301
which can indicate the energy extraction efficiencies across sea states. The capture factor 302 matrices corresponding to the seven sets are shown in Fig. 7 . In this figure, it can be seen 303 that the energy extraction is definitely influenced by the selection of the piston combinations.
304
For example, the capture factor of set7 is about 6 times that of set1 for the wave of T = 8 s 
312
The highest performance is obtained at T = 6 s, but the capture factors decrease as the 313 wave periods increase; this behavior is related to the device specifications. Optimizing these 314 specifications, i.e., the sizes and masses of the floater and the pistons, may enable the device 315 to work well for even longer period waves; this will be investigated in the future.
316
To take advantage of the adaptability of the MPP unit, we identify the set which captures T (s) light combinations are adopted, such that the combinations switch between set2 and set3.
368
When encountering a strong wave event, e.g., at t = 270 s, the combination switches to 369 set6, a relatively heavier selection. As soon as the strong wave event has passed, the lighter 370 combination is adopted once again. As can be corroborated in Fig. 10 , the final results are 371 floater blanket resulting in energy loss, there will be energy compensation from the sides.
431
The capture factor decreases dramatically as the period of the waves increases, due to the 432 fact that the stiffness of a heaving buoy should be very high in order to oscillate in resonance 
434
The hydrodynamic response of the floater blanket under various incident waves can be un-
435
derstood by comparing the excitation force on the floater elements, as presented in Fig. 14.
436
The excitation force on the individual floaters decreases sharply from the first floater to with seven constant piston combinations under two waves with same wave amplitudes but 448 different periods. In the short-period wave case ( Fig. 15(a) ), the capture factor is greatest system under the short-period waves.
469
For the long-period wave case (Fig. 15(b) ), the capture factors increase from set1 to set5, which should account for waves and multi-body interactions, as well as the multi-body system 509 dynamics, and will be a great challenge in our further work. 
510
It is emphasized that the present work only focuses on the validation of the MP 2 PTO concept 511 working principle, rather than on predicting the energy output of the Ocean Grazer WEC.
512
The capture factor presented here only indicates its dependency on the wave conditions and 513 the MP 2 PTO configurations, but the overall performance of the full scale device will be 514 definitely improved by applying an optimized design of the floater blanket and developing 515 a high-efficiency control system for the MP 2 PTO system. Additionally, the efficiencies of 516 the turbine system (shown as T in Fig. 1 ) and the delivery to the power grid should be 517 considered.
518
The present models deal with the floater blanket in the open sea, but, in the original Ocean
519
Grazer design, the floater blanket should be mounted in the channels of the platform. The 
544
Experiments of a scale prototype of the floater blanket are planned, which will focus, not This makes it difficult to identify the optimal configurations of the MP 2 PTO system via a 
